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(71) We, UNIVERSAL OIL PRO- 
DUCTS COMPANY, a corporation organized 
under the laws of the State of Delaware, 
United States of America, of No. Ten UOP 

5 Plaza, Algonquin & Mt. Prospect Roads, Des 
Plaines, Illinois, United States of America, 
do hereby declare the invention, for which 
we pray that a Patent may be granted to us, 
and the method by which it is to be per- 

10 formed, to be particularly described in and 
by the following Statement: — 

The present invention relates to a method 
of applying a porous layer to a surface of a 
metal substrate. More significantly, the pre- 

15 sent invention relates to a method of apply- 
ing a porous boling surface layer to a sub- 
strate as for example, to the surface of a 
metal sheet, and more particularly, to the 
exterior surface of a metal tube. 

20 It is known that the effectiveness of heat 
exchange apparatus for boiling liquids is 
greatly increased by the provision of a porous 
surface layer characterized by the presence 
of a multitude of small pores bonded on a 

25 thermally conducting wall of heat exchange 
apparatus for transferring heat to a liquid to 
be boiled. 

In the prior art processes, the porous layer 
has been produced by sintering small particles 

30 of a heat conductive metal, such as copper, 
to the wall supplying heat to the boiling 
liquid. It is known to sinter 1 to 50 micron- 
size particles to produce a porous layer hav- 
ing a thickness of about 0.1 to 1.0 mm. It is 

35 also known to modify the sintering operation 
by providing the particles with an extremely 
thin coating of a temporary binder. There- 
after, the binder is air dried and subsequently 
completely eliminated during the sintering 

40 operation. 

Porosity of the surface layer as produced 
by this sintering operation may be controlled 
to some extent by selection of metal particle 
size, but complete control of porosity cannot 

45 be attained because the particles must be 
tightly packed so that each particle contacts 
adjacent particles to enable the sintering 

[Price 33p] 



operation to produce molecular bonding be- 
tween these particles. 

According to the present invention there is 50 
provided a method of applying a porous layer 
to a surface of a metal substrate, which method 
comprises mixing particles of a primary 
material which is metallic with particles of a 
secondary material to provide a uniform mix- 55 
ture of the two types of particles, applying 
the mixture by flame deposition to a surface 
of the substrate to form thereon a molecularly 
bonded but inhomogeneous layer of the pri- 
mary material containing regions of pure 60 
secondary material not alloyed with nor inter- 
diffused with the primary material, and there- 
after eh'rninating the secondary material from 
regions of pure secondary material to provide 
a porous continuously-bonded layer of metallic 65 
primary material bonded to the metal sub- 
strate. 

The metal substrate may be in the form 
of a sheet, or preferably, in the form of a 
tube. If desired the surface of the metal 70 
substrate to be provided with a porous layer 
may be initially roughened to provide a better 
key. As in the prior art the thickness of the 
porous layer may be from 0.1 to 1 mm. 

Preferably the secondary material is also a 75 
metal and particles of secondary material are 
eliminated from the layer formed by flame 
deposition by leaching. 

The invention is illustrated by the accom- 
panying drawings in which: 80 

Figure 1 is a photomicrograph of a flame 
sprayed coating of copper and zinc before 
leaching, 

Figure 2 is a view similar to Figure 1 after 
leaching with dilute hydrochloric acid, and 85 

Figure 3 is a graph comparing the opera- 
tion of a tube having a porous layer applied 
by a method in accordance with this inven- 
tion with an otherwise identical plain tube. 

The drawings are described in more detail 90 
below. 

In the method of the present invention the 
primary material particles are deposited to 
form a layer on a surface of a metal substrate 
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by flame spraying, and are bonded without 
appreciable interd-ftuslon, cr alloying, except 
to bond particles cf the primary material with 
particles of the secondary material unffonrly 
5 distributed throughout the layer. Thus, de- 
pending upon the percentage of primary and 
secondary materials provided in particle form, 
increased porosity may be obtained bv dissolu- 
tion of the secondary material different from 
iu the primary metal particles intended to make 
up the porous layer. 

The ultimate porosity and the physical 
characteristics of the porous layer produced in 
accordance with the present invention thus 
is depends upon particle size and also upon the 
proportions of the two different materials 
used. The porous layer also has improved 
physical characteristics because the deposition 
by flame spraying provides for molecular 
bonding as the layer is built up in thickness. 
Th s produces results which are superior to 
sintering as will now appear. 

In sintering, scl-d metal partxlcs are 
brought together so that continuous particle- 
to-particle contact is established. To form a 
porous structure a mass of particles is sub- 
jected to heat without substantial pressure 
and the individual particles become mole- 
cularly bonded together essentially by 
m a process cf interdiffusicn of netjl 
atoms. Thus, if the ^articles are 
stantially homogeneous ~ mixture of ^ 
metals, the molecular bonding betwee; 
adjacent particles is constituted by an au v 
35 bridge and within each of the particles there 
is a zone of alloyed metal in which the pro- 
portions vary. 

In this prior art method in order to obtain 
the molecular interdifTusion, it is necessary 
4u to maintain the mass of ©articles at elevated 
temperature for a protracted period. The d'f- 
fusion continues while the pardcles are at ele- 
vated temperature and if maintained at ele- 
vated temperature for a sufficient period, 
45 where are particle are of two different metals, 
eventually the particles become a uniform, 
homogeneous alloy. 

On the contrary, where flame spravng 
technique is employed, the particles ' are 
50 heated to accurately controlled temperatures 
and the temperature at which they are brought 
into contact wirh the surface of deposit may 
afcto be accurately controlled. The control, 
as is well understood, is accompli^ " > v 
55 controlling the temperature of the flame j 
the dimensions of the flame. The parties 
traverse the flame and the temperature of the 
pardcles thus is contnv • by the tempera- 
ture of the flame an, * length of the 
60 flair*. The heated pj? , are projected 
fror;; die fkme on to t face cf a metal 
substrate. The particle, y also be per- 
mitted to traverse a co: jiled distance of 
air before contacting the surface, during 
65 which time they cool to some extent. Thus 



the particles, although deposited by flame 
spraying, may be substantially cool and con- 
gealed as they contact the surface of the metal 
substrate. 

By maintaining the flame at a low tem- 70 
perature and short, so that the particles tra- 
verse only a relatively short distance of flame, 
particles of materials, even those of rela- 
tively low melting point, may be projected 
by flame spraying at substantially any desired 75 
temperature, including temperatures at which 
the particles are not substantially melted. 

The essential difference between s'ntering 
and flame spraying is the accurate control of 
physical structure which may be effected by 80 
flame spraying, as contrasted with sintering, 
to produce a porous material. 

While reference has been made to the use 
of particles of two different metals, it is 
also possible to produce a deposit of a single 85 
metal mixed with particles of a non-metallic 
material such as a plastics material, in which 
the particles of the plastics material limit the 
points of contact between adjacent particles of 
metal and provide voids when the plastics 90 
material is eliminated, for example, by leach- 
ing cut with a suitable solvent. If plastics 
material is used, at least 5% by volume is 
needed. 

In accordance with a specific example of 95 
the present invention, producing the materials 
as illustrated in the Figures of the accompany- 
ing drawings, two powder constituents were 
simultaneously sprayed onto the substrate. The 
substrate was a grit-blasted unalloyed copper 100 
tube. The particles as applied by flame spray- 
ing comprised a mixture of 10" . by weight 
of zinc metal powder (secondary material) 
with a maximum diameter of 44 microns 
C — 325 ASTM mesh) with 90 v, by weight 105 
of copper metal powder (primary material) in 
which 50 of the copper metal powder was 
53 to 74 microns in diameter (—200+270 
ASTM mesh), and the remaining 50".-. was 
74 to 110 microns in diameter (—140+200 110 
ASTM mesh). In general, particle size may 
range from 25 to 150 microns. This mixture 
was sprayed through an oxygen-acetylene 
torch onto the copper tube. The spraying 
was conducted at a relatively low flame tem- 115 
perature to minimize alloying of the copper 
and zinc metal constituents. 

The conditions under which the mixture of 
zinc and copper particles are deposited by 
flame spraying are such that while the copper 120 
particles, the primary material, are heated to 
an elevated ter— erature, they are not melted 
in whole or r t. The zinc particles, the 
secondary m . have a lower melting 
point, and a npletely mclred and are P5 
deposited alor the solid copper particles. 

At this time p f the zinc forms an alloy 
bond of coppei-zmc alloy between adjacent 
particles cf copper. A substantial portion of the 
zinc congeals in the form of separate particles 130 
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which may in most cases be molecularly 
bonded to adjacent copper particles by alloy 
bonds, again of copper-zinc alloy. 

After spraying, the tube surface was im- 

5 mersed in 10% hydrochloric acid at room 
temperature for about three hours to remove 
the unalloyed zinc, the secondary material, 
from the layer. 

The leaching operation does not dissolve 

10 the copper-zinc alloy bonds between adja- 
cent copper particles so that the copper par- 
ticles remain bonded together. However, 
wherever there is a separate congealed particle 
of zinc, it is dissolved by the hydrochloric 

15 acid and leached out of the metallic layer, 
thus leaving a void therein. Where a particle 
of zinc is connected by alloy bonds with 
copper particles at opposite sides thereof, it 
appears that the zinc particle is dissolved and 

20 leached out of the layer, although the alloy 
phase is not leached out. 

The tube was then washed, dried and sub- 
jected to heat transfer evaluation tests. 
The heat transfer characteristics of a tube 

25 having a porous layer applied by the method 
of tiie present invention were compared to 
those of a plain copper tube. Water was cir- 
culated inside a copper tube immersed in 
liquid f reon (registered Trade Mark). This test 

30 simulates chilled water cooling systems where- 
in warm water is cooled by boiling liquid 
freon, the cooled water is circulated to an 
air conditioning unit and the water from the 
air conditioning unit, now warmer, is re- 

35 turned to the copper tube immersed in boiling 
freon. 

The ordinate of Figure 3 represents heat 
flux (transmission), units of heat per hour 
per unit of area. The abscissa represents dif- 

40 ferential temperature between boiling freon 
and water. It can be seen from Figure 3 that 
the tube having a porous layer applied by 
the method of the present invention transfers 
as much heat as a plain tube and yet only 

45 requires about 1/10 as much differential tem- 
perature driving force. Thus, to transfer the 
same amount of heat across a plain tube of 
the prior art, almost ten times as much tem- 
perature differential is required when com- 

50 pared to that required with the tube having 
a porous layer applied by the method of the 
present invention. Those skilled in the art will 
realize the significant savings in utilities and 
equipment cost which can be realized with 

55 the tube of the present invention. 

In general terms, the proportions of the 
metal particles which are to form the residual 
porous matrix (primary material) should be 
between 80 and 95% by weight and the 

60 secondary material, which is to be removed 
by dissolution, shall accordingly be from 5 
to 20% by weight. 

It should be noted that the primary material 
may be an alloy or a physical mixture of two 

65 or more metals. Fairly pure copper particles 



are preferred because of their excellent heat 
transfer characteristics and also because of 
their resistance to the hydrochloric acid leach- 
ing step, but it is conceivable that mixtures 
of copper with other metals or other metals 70 
or alloys may be used. All that is required is 
that the primary metal particles forming the 
residual porous matrix be able to withstand 
subsequent elimination of the secondary 
material, for example, in a leaching step. 75 

It will be observed by comparing Figures 
1 and 2 that in Figure 1 the porous matrix 
formed by the molecularly bonded particles 
of copper and zinc is quite porous but is 
nevertheless substantially less porous than the 80 
same material after removal of the zinc con- 
stituents, or secondary materials, by leaching. 
It will be apparent, of course, that particu- 
larly in Figure 2, the small discrete light 
areas are not in fact unbonded particles bus 85 
merely represent filamentary portions of the 
copper matrix. In fact, all of the copper 
metal deposited in the layer by the method 
of the present invention is inter-bonded so 
that a continuously bonded highly porous sur- 90 
face layer is produced. This illustrated layer 
is characterized by the substantially complete 
absence of closed cells. Thus, liquid can pene- 
trate by capillary action or otherwise into 
any open space within the bonding layer and 95 
may escape therefrom as vapor. 

Moreover, the porosity resulting from flame 
deposition and leaching is such that individual 
pores within the porous layer are intercon- 
nected so that liquid may flow from one pore 100 
to an adjacent pore as liquid within the adja- 
cent pore is vaporized and expelled therefrom. 

The porosity of the layer applied by the 
method of the invention may be altered by 
varying the proportions of the constituent 105 
materials, the only limitation being that the 
metal particles which are to form the residual 
matrix or boiling layer must be in sufficient 
proportion to provide a continuously bonded, 
although extremely porous, layer. no 

As previously noted, the method of deposit- 
ing the particles by flame spraying has the 
advantage of permitting control of porosity 
and the attainment of a higher degree of 
porosity than is practically possible with 115 
sintering. It is preferred to control deposi- 
tion of the layer, together with the other 
factors which effect porosity as mentioned 
above, so as to obtain a porosity of between 
40 and 70% by volume. Porosity indicates the 120 
percentage of the void volume, as contrasted 
to the total volume. 

The present invention may be employed to 
provide a porous surface layer on the exterior 
of plain tubing, e.g., unalloyed copper tube, 125 
or it may be applied to corrugated tube 
through which the heating medium is cir- 
culated to transfer heat to the liquid to be 
boiled at the exterior surface of the tube. 

In die foregoing, reference has specially 130 
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been made to the application of a mixture of 
primary and secondary metal particles, but 
the invention may be used to apply a mix- 
ture of primary metal particles with a plastics 
5 secondary material which may subsequently be 
removed by an organic solvent. For this pur- 
pose fluorocarbons such for example as poly- 
tetrafluoroethylene may be used as the plastics 
secondary material. 

10 WHAT WE CLAIM IS: — 

1. A method of applying a porous layer to 
a surface of a metal substrate, which method 
comprises mixing particles of a primary 
material which is metallic with particles of a 

15 secondary material to provide a uniform mix- 
ture of the two types of particles, applying 
the mixture by flame deposition to a sur- 
face of the substrate to form thereon a mole- 
cularly bonded but inhomogeneous layer of 

20 the primary material containing regions of 
pure secondary material not alloyed with nor 
interdifTused with the primary material, and 
thereafter eliminating the secondary material 
frorn regions of pure secondary material to 

25 provide a porous continuously-bonded layer 
of metallic primary material bonded to the 
metal substrate. 

2. A method as claimed in claim 1, where- 
in the surface of the metal substrate to be 

30 provided with a porous layer is initially 
roughened. 

3. A method as claimed in claim 1 or 
claim 2, wherein the metal substrate is in 
the form of a sheet. 

35 4. A method as claimed in claim 1 or 
claim 2, wherein the metal substrate is in the 
form of a tube. 

5. A method as claimed in claim 4, wherein 
the porous layer is applied to the exterior 

40 surface of the tube. 

6. A method as claimed in any one of the 
preceding claims, wherein particles of pri- 
mary material have a size of from 25 to 150 
microns. 

45 7. A method as claimed in any one of the 
preceding claims, wherein the thickness of the 
porous layer is from 0.1 to 1 mm. 

8. A method as claimed in any one of the 



preceding claims, wherein the mixture of 
primary and secondary materials comprises 50 
from 80 to 95 % by weight of primary material 
and from 5 to 20% by weight of secondary 
material. 

9. A method as claimed in any one of the 
preceding ^ claims, wherein the secondary 55 
material is also a metal and particles of 
secondary material are eliminated from the 
layer formed by flame deposition by leaching. 

10. A method as claimed in claim 9, 
wherein the secondary material is zinc and 60 
the leaching is carried out with dilute hydro- 
chloric acid. 

11. A method as claimed in any one of the 
preceding claims, wherein the primary material 

is copper. " " 65 

12. A method as claimed in claim 11 when 
dependent on claim 10, wherein the zinc par- 
ticles have a maximum diameter of 44 microns 
and 50% of the copper particles have a dia- 
meter of 53 to 75 microns and the remaining 70 
50 % have a diameter of 74 to 110 rr.if.rons. 

13. A method as claimed in any one of the 
preceding claims, wherein the secondary 
material is chosen such that the pores within 

the layer are in communication with each 75 
other. 

14. A method as claimed in any one of the 
preceding claims, wherein the particle sizes 
and the relative proportions of the primary 
and secondary materials and the flame deposi- 80 
tion conditions are chosen to provide a layer 
having a porosity of from 40 to 70 % by 
volume. 

15. A method of applying a porous layer to 

a surface of a metal substrate as claimed in 85 
claim 1 and substantially as hereinbefore des- 
cribed. 

16. A metal substrate having a porous layer 
applied to a surface thereof by a method as 
claimed in any one of the preceding claims. 90 

J. Y. & G. W. JOHNSON, 
Furnival House, 
14—18, High Holbom, 

London, WC1V 6DE, 
Chartered Patent Agents, 
Agents for the Applicants. 
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